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(57) ABSTRACT 

The present invention is a closed System Storage plate that 
includes a Specimen collection plate having a plurality of 
Wells for Storing Specimens and a cover that is Sealably 
Secured to the Specimen collection plate. The cover has a 
thermoplastic elastomer membrane that provides pierceable 
acceSS by a probe to each well interior and Self-seals upon 
removal of the probe. 
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CLOSED SYSTEM STORAGE PLATES 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to closed system 
Storage plates that are used for the Storage of Specimens. 
More particularly, the invention relates to closed System 
Storage plates that include a multi-Well Specimen collection 
plate and a cover Suitable for Storing a plurality of Small 
quantities of Specimens Such as blood from a patient. The 
closed System Storage plates provide access to the interior of 
each well without the need for removing the cover from the 
multi-Well collection plate and maintains each specimen in 
Secure fashion for Subsequent testing. 
0003 2. Description of Related Art 
0004 Analytical instrumentation has made it possible to 
carry out a variety of hematological diagnostic procedures 
on very small quantities of blood. The blood may be 
collected from a Small puncture placed in a patient's finger 
or ear lobe. When multiple Specimens are collected, a 
microplate with a plurality of Wells is used and the Speci 
mens are placed in the Wells for Subsequent analysis and 
testing. Typically, the microplate has a common cover for all 
of the microplate wells. 
0005 The growth in medical and pharmaceutical 
research as well as diagnostic analysis and testing has 
created a need for equipment and procedures for low cost, 
efficient handing of Samples. Microplates having a plurality 
of Sample wells provide a convenient means to Store 
Samples. However, despite improvements in Sample han 
dling equipment, many applications require an unacceptable 
amount of manual handling to cover or uncover the Samples. 
In order for a laboratory technician to conduct tests on the 
blood Samples which are collected in a microplate, the cover 
must be removed from all of the wells to provide access to 
the blood samples. When the laboratory technician tests a 
large number of Wells, Spillage and contamination of the 
Samples becomes more likely. As a result, testing takes 
longer and the technician must proceed with greater care. 
0006 Mat caps have been used for storing multiple 
Specimens. Typically, mat caps are thin films with adhesive 
coating and thin materials. Such as a plastic sheet that can be 
heat Sealed to Storage plates. The mat caps are fabricated 
from a pliable material that Seals the plate by dimensional 
interference. However, mat caps and Similar products 
require the cover to be removed for content access. Some 
mat caps are advertised to be pierceable, but none are 
reSealable. Other methods for Specimen Storage include 
attaching thin films with adhesive coatings or other thin 
materials to the top of Storage plates. Although these Storage 
assemblies are pierceable, they cannot be resealed after they 
have been pierced. 
0007 To access a specific sample with the current mat 
cap designs, it is necessary to uncover all adjacent wells 
containing Samples as well as the Specific target well. Under 
these circumstances, all well contents are exposed to the 
environmental Surroundings that can affect Sample evapo 
ration. Uncovering the Samples also exposes the Sample to 
ambient moisture, which can compromise the Sample integ 
rity. The possibility of contaminating Samples in adjacent 
Wells due to Spillage or aerosols is also a concern. 
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0008. Therefore, there is a need for a multi-well specimen 
Storage plate that (i) independently Seals each of the wells; 
(ii) provides a resealable well cover for easy access into each 
well by a needle or probe and also prevents specimen 
leakage out of the well; (iii) maintains the specimens in 
Secure fashion; and (iv) prevents contamination of the 
Specimens and exposure of the Specimen to the user. 

SUMMARY OF THE INVENTION 

0009. The present invention is a closed system storage 
plate that includes a Specimen collection plate and a cover 
that is Securely Sealed to the plate. The Specimen collection 
plate has a plurality of Wells, wherein each well has an open 
end, a closed end and a cylindrical wall therebetween 
defining a well interior for accommodating a plurality of 
Specimens. The cover is Sealably Secured to the Specimen 
collection plate and Sealably contacts the plurality of Wells 
at the open end of each well. The cover includes a membrane 
for providing therethrough pierceable probe access to each 
well interior. The membrane is made of a thermoplastic 
elastomer and is Self-sealing upon removal of the probe. The 
preferred elastomer material is isoprene propylene. 
0010. The specimen collection plate is made of plastic or 
borosilicate glass and the plurality of Wells is made of 
borosilicate glass. In one embodiment, the open end of each 
well forms a flange that is Sealably contacted by the cover. 
The cover can include an adhesive material that fixedly 
attaches the cover to the Specimen collection plate and/or the 
flanges. 

0011. In a preferred embodiment, the cover for the closed 
System Storage plate includes a plurality of membranes for 
providing therethrough pierceable probe access to each well 
interior. The location of the plurality of membranes corre 
sponds to the location of the plurality of wells when the 
cover is Sealably Secured to the collection plate. The mem 
branes are made of a thermoplastic elastomer and are 
Self-sealing upon removal of the probe. The elastomer is 
preferably isoprene propylene, but other materials. Such as 
rubber can be used. The cover can include an adhesive 
material that contacts the Specimen collection plate to fix 
edly attach the cover to the Specimen collection plate. 
0012. In another preferred embodiment, the open end of 
each well forms a flange that is Sealably contacted by the 
cover. When the cover is sealably secured to the collection 
plate, the plurality of membranes are So located on the cover 
that the membranes are inside the circumference of the 
flanges. This provides pierceable probe access to each of the 
Wells through the corresponding membrane. The areas of the 
cover outside the circumference of the flanges may be 
formed from a material other than an elastomer, Such as 
plastic or glass, which provides Structural Strength to the 
cover. When an adhesive material is used, it Securely Seals 
the cover to the flanges. 
0013 The cover includes the membrane (or membranes) 
that provides reSealable access to the interior of the Wells. 
The membrane is formed of a material which is capable of 
being pierced and resealed on a repetitive basis with a 
needle, a probe or a similar type of instrument. Most 
preferably, the membrane is formed of a thermoplastic 
elastomer Such as isoprene propylene. 
0014 When the cover includes a plurality of membranes, 
the membranes are preferably disc-shaped and have a con 
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cave Surface facing away from the well interior. This con 
cave configuration assists in resealing the membrane after a 
probe has been withdrawn. In addition, the thermoplastic 
elastomer reseals the pierced membrane in a manner which 
prevents specimen leakage therethrough even when the 
collection assembly is held in an inverted position. 
0.015. An advantage of the present invention is that it 
facilitates direct access to a Sample in a microplate for 
diagnostic instrumentation Systems and provides a pierce 
able and Self-reSealing cover. 
0016. Most notably, the present invention permits a 
Specimen to be accessed through the cover without remov 
ing the cover from the Specimen collection plate, thereby 
providing minimal exposure of the Specimen to the user. 
Moreover, Specimen quality is better maintained since each 
well is independently Sealed and accessed and the cover 
reseals itself after puncture. 
0.017. The closed system storage plates of the present 
invention provide Several advantages by using a membrane 
that: (i) can be pierced and resealed many times; (ii) requires 
less than 2 lb. force for a piercing element to pierce it; and 
(iii) has a concave shape which assists in resealing the 
membrane after the piercing element is removed. 

DESCRIPTION OF THE DRAWINGS 

0.018 FIG. 1 is a perspective view of a closed system 
Storage plate of the present invention showing the Specimen 
collection plate and cover assembly. 
0.019 FIG. 2 is a perspective view of a closed system 
Storage plate of the present invention showing the Specimen 
collection plate and cover assembly with a plurality of 
membranes corresponding to the plurality of Wells. 
0020 FIG. 3 is a perspective view of a closed system 
Storage plate of the present invention showing the Specimen 
collection plate and cover assembly with a plurality of 
skirted membranes corresponding to the plurality of Wells. 
0021 FIG. 4 is a side elevation view of two sealed wells, 
with one of the Sealed wells having a probe extending 
thereinto. 

0022 FIG. 5 is a side elevation view of two sealed wells 
with the membranes located in inverted caps and a probe 
extending into one of the Wells. 

DETAILED DESCRIPTION 

0023 The present invention is a closed system storage 
plate that includes a Specimen collection plate having a 
plurality of Wells arranged in a geometrical pattern and a 
cover that is Securely Sealed to it. Each well includes an open 
end, a closed end and a cylindrical wall therebetween that 
defines the interior of the well. The cover includes a ther 
moplastic elastomer material, which is capable of being 
pierced and Self-reSealing on a repetitive basis upon removal 
of the piercing device Such as a pipette, cannula, or an 
instrument probe. The closed System Storage plates permit 
Specimens in each well to be dispensed or accessed without 
removing the cover from the Specimen collection plate. 
0024 Direct access to the specimens through the cover 
and without the need to remove the cover from the plate 
provides minimal aeroSol/airborne contaminant exposure to 
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the user. With the current mat caps, there is an unnecessary 
risk to the user and work environment as a result of aerosols 
that can be created when removing the mat caps from Wells 
containing specimens. In contrast, the closed System Storage 
plates of the present invention maintain Specimens, com 
pounds, reagents, and the like in a Secure and isolated 
fashion for Subsequent dispensing, retrieving and Storing. 
0025 The present invention is a closed storage system 
that includes a multi-Well Storage plate, and a non-remov 
able cover. The plate is comprised of a plurality of Wells, 
typically 96 or a 384 multi-well plate format, but storage 
plates with any number of wells can be used. The cover is 
hermetically Sealed to provide a Secure Seal to the open end 
of each of the well structures of the plate and provides 
Sealable access to the interior of the wells. The cover is 
fabricated from a thermoplastic elastomer material, which is 
capable of being pierced, and Self-reSealing on a repetitive 
basis upon removal of the piercing element Such as a pipet 
tip, cannula, or an instrument probe. 
0026. The cover is substantially flat and includes a mem 
brane that provides reSealable access to the interior of the 
container. The membrane may extend across the entire cover 
or a plurality of membranes may be located Selectively on 
the cover corresponding to the locations of the Wells. The 
membrane is formed of a material that is capable of resealing 
after being pierced with a needle or instrument probe on a 
repetitive basis. Most preferably, the membrane is formed of 
a thermoplastic elastomer or a Soft rubber. A preferred 
thermoplastic elastomer is an isoprene propylene, Such as 
MONOPRENE (a trademark of QST, Inc.) sold by QST, 
Inc., St. Albans, Vt. Using molding techniques, Such as 
insert molding and co-injection molding, the membrane can 
be incorporated into the cover in any location to provide 
acceSS into the well. 

0027. In embodiments employing a plurality of mem 
branes, the membranes may have a concave Surface facing 
in opposition to the probe as it is withdrawn. The compres 
Sive forces exerted by the concave Surface assist in resealing 
holes in the membrane as the probe is withdrawn from the 
well. Thus, the configuration of the membrane as well as the 
material from which it is formed permits the membrane to 
reseal after multiple punctures have been placed therein. The 
liquid Sample in the Wells can therefore be repeatedly 
Sampled with the membrane Self-sealing upon each Sample 
extraction. 

0028. For the embodiments wherein the cover has a 
plurality of membranes, the cover includes a structure that 
Supports the membranes. The Structure may be made of 
metal, composites, glass or a plastic material Such as poly 
ethylene, polypropylene or polyvinyl chloride. Preferably, 
the cover material is compatible with organic Solvents. The 
Surface of the cover that contacts the multi-Well plate may 
also include an adhesive. The adhesive can be either in the 
form of a layer or it can be selectively applied to the areas 
where the cover contacts the Specimen collection plate. 
0029 Referring to the drawings in which like reference 
characters refer to like parts throughout the Several views 
thereof, FIGS. 1-3 illustrate three embodiments of the closed 
system storage plate 10a, 10b, 10c of the present invention. 
Each of the closed system storage plates 10a, 10b, 10c 
includes a Specimen collection plate 2 and a cover 4a, 4b, 4c. 
The cover 4a, 4b, 4c may be removably or fixedly secured 
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to the Specimen collection plate 2. The Specimen collection 
plate 2 includes a top Surface 14 and a plurality of Wells 6 
arranged in a plurality of rows. Each well 6 forms a separate 
compartment that can be Sealably isolated from the other 
wells 6 in the specimen collection plate 2. Each well 6 has 
an open upper end 26, a closed end 32 and a cylindrical wall 
30 extending therebetween. The cylindrical wall 30 defines 
an interior 22 for accommodating a specimen Such as a 
blood specimen. The open upper end 26 of the well 6 can be 
flush with the top surface 14 of the specimen collection plate 
2 or the cylindrical wall 30 can extend beyond the top 
Surface 14 of the Specimen collection plate 2 to form a 
peripheral lip or flange 8. 

0030 The cover 4a, 4b, 4c is substantially planar and can 
be made in whole or in part of a pierceable and resealable 
membrane 12a, 12b, 12c for providing resealable access to 
the interior of each of the wells 6. The membrane 12a, 12b, 
12c is preferably made of a thermoplastic elastomer material 
which is capable of being pierced and resealed on a repeti 
tive basis with a needle or instrument probe. Most prefer 
ably, the membrane 12a, 12b, 12c is formed of a soft rubber 
or a thermoplastic elastomer, Such as isoprene propylene. 

0.031 FIG. 1 shows an embodiment of the present inven 
tion wherein the cover 4a is made of a thermoplastic 
elastomer and is Sealably Secured to the Specimen collection 
plate 2 to isolate the plurality of wells 6. FIG. 2 shows a 
second embodiment wherein a plurality of membranes 12b 
made of a thermoplastic elastomer are located on the cover 
4b while remainder of the cover 4b is made from a Substan 
tially rigid plastic. The plurality of membranes 12b corre 
spond to the Wells 6 and provides reSeable access to the 
interior 22 of the individual wells 6. In a third embodiment 
shown in FIG. 3, each of the plurality of membranes 12c is 
enclosed by a skirt 24 that extends downwardly to sealably 
and circumferentially engage the interior or exterior of the 
cylindrical wall 30 of the well 6. 
0.032 The specimen collection plate 2 has a plurality of 
Wells 6 arranged in a geometric pattern. In the preferred 
embodiment, the geometric pattern is a rectangular array of 
96 or 384 wells. However, in other embodiments, specimen 
collection plates 2 having different numbers of wells 6 or 
geometric patterns of Wells are used. The Specimen collec 
tion plate 2 is made of metal, composites, glass or a plastic 
material Such as polyethylene or polypropylene. Stamping, 
die-casting or injection molding may be used to form the 
specimen collection plate 2. The depth of the wells 6 of the 
Specimen collection plate 2 may vary according to the type 
and Volume of the Specimen. In preferred embodiments, the 
Specimen collection plate 2 is made of a plastic material or 
glass and the Wells 6 are made of glass. Glass wells 6 
provide a material that is inert to most Specimens and 
Solvents. The preferred glass for both the Specimen collec 
tion plate 2 and the Wells 6 is borosilicate glass. 

0033. The open end 26 of the wells 6 may extend above 
the Surface 14 of the Specimen collection plate 2 to form a 
flange 8. When the cover 4a, 4b, 4c Sealably contacts the 
Specimen collection plate 2, the flange 8 ensures that the 
cover 4a, 4b, 4c impermeably seals each of the wells 6. In 
a preferred embodiment, a plurality of membranes 12b, 12c 
corresponding to the Wells 6 is Selectively located on the 
cover 4b, 4c so that when the cover 4b, 4c is sealably secured 
to the Specimen collection plate 2, the membranes 12b, 12c 
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provide access to each of the wells 6. The membranes 12b, 
12c are located on the cover 4b, 4c within the circumference 
of the flanges 8. 
0034. The embodiment of the system storage plate 10a 
shown in FIG. 1 has a cover 4a that includes a substantially 
continuous layer of a thermoplastic elastomer that forms a 
membrane 12a. This allows a probe or other instrument to be 
inserted through the cover 4a at any point above the wells 6. 
In a preferred embodiment, the cover 4a also includes a 
Structure to Support the thermoplastic elastomer membrane 
12a and to provide rigidity. The Structure may include a 
frame around the perimeter of the cover 4a and/or ribs 
extending along the length and/or width of the cover 4a. The 
Support Structure is preferably a hard plastic but other 
materials known in the art can be used. In another preferred 
embodiment, the cover 4a includes an adhesive on the Side 
of the cover 4a that contacts the Specimen collection plate 2. 
The adhesive can form a layer on the thermoplastic elas 
tomer or it may be Selectively applied to the cover 2a at the 
points that contact the Specimen collection plate 2 and/or the 
wells 6. 

0035. The embodiment of the system storage plate 10b 
shown in FIG. 2 has a cover 4b which includes a plurality 
of membranes 12b that correspond to the locations of the 
wells 6 in the specimen collection plate 2. When the cover 
4b is fixedly attached to the Specimen collection plate 2, the 
membranes 12b are positioned above the wells 6 and pro 
vide pierceable access to the Wells 6 through the membranes 
12b. In a preferred embodiment, the non-membrane portions 
of the cover 4b may be made of a variety of materials known 
in the art, Such as plastic, glass, composite materials or 
metal, preferably plastic or glass. An adhesive may be 
applied to the surface of the cover 4b that contacts the 
Specimen collection plate 2 for Sealably Securing the cover 
4b to the plate 2. 
0036) The embodiment of the system storage plate 10c 
shown in FIG. 3 has a cover 4c that includes a plurality of 
membranes 12c similar to the system storage plate 10b 
shown in FIG. 2. In addition to the plurality of membranes 
12c, the cover 4c includes a plurality of skirts 14 extending 
downwardly from the surface of the cover 4c that contacts 
the Specimen collection plate 2. These skirts 24 correspond 
to the wells 6 and extend into the interior or around the 
exterior of the Wells 6 to provide a means for positioning the 
cover 4c so that the plurality of membranes 12c are located 
above the plurality of wells 6. In a preferred embodiment, 
the skirts 24 are made of plastic and are Sealably Secured to 
the cylindrical wall 30 of each well 6. In a most preferred 
embodiment, the skirts 24 are sealably secured to the well 
flanges 8. 

0037 FIG. 4 shows a preferred embodiment of the 
present invention, wherein the cover 4a, 4b is Substantially 
flat and contacts the Specimen collection plate 2 at the open 
end 26 of the wells 6 to form an impermeable seal 16. A 
piercing element 18 Such as a probe, cannula or pipet can be 
inserted through the cover 4a, 4b to access a specimen in the 
well 6. The probe 18 creates a temporary hole 20 in the 
membrane 12. After the probe 18 is withdrawn, the elas 
tomer in the cover 4a, 4b reforms into an impermeable Seal. 
0038 FIG. 5 shows an embodiment of the present inven 
tion wherein the cover 4d includes a plurality of inverted 
caps 34 that correspond to the plurality of wells 6. Each cap 
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34 extends downwardly from the cover 4d and has an open 
top 36 a bottom 38 and a cylindrical side wall 40 that slopes 
inwardly from the open top 36 to the bottom 38. The caps 34 
contact the interior walls 28 of the wells 6 to securely seal 
the interior 22 of the wells 6. The caps 34 are made of the 
Same material as the cover 4d, preferably plastic. A mem 
brane 12d is located at the bottom 38 of each cap 34 so that 
a probe 18 can pierceably access the Specimen in the well 6. 
When the probe 18 is withdrawn from the membrane 12d, 
the thermoplastic elastomer in the membrane 12d reforms to 
Seal the hole 20 in a manner that specimen leakage even 
when the Storage assembly is inverted. 
0039. As shown in FIG. 4 and FIG. 5, a sample probe or 
cannula 18 may access a well 6 by inserting the probe 18 
through membrane 12a, 12b, 12d. The probe 18 is inserted 
until it reaches the sample in interior 22 of well 6 and then 
collects a portion of the sample. The probe 18 is then 
removed by withdrawing it back through the membrane 12a, 
12b, 12d. After the probe 18 is from the well 6, the 
thermoplastic elastomer at the insertion point 20 Self-seals. 
Since the membrane 12a, 12b, 12d is made of a Soft rubber 
or thermoplastic elastomer, a low insertion force easily 
pierces it. Therefore, for a relatively wide instrument probe 
18 having a diameter of about 0.0625 inches, a force of less 
than 2 pounds can pierce the membrane 12a, 12b, 12d 
0040. The closed system storage plate of the present 
invention may be made of a molded thermoplastic material 
So that the Specimens collected in the Wells may be readily 
Viewed. Representative materials include, for example, 
polyethylene, polypropylene and polyvinyl chloride. The 
Wells may incorporate a hydrophilic material or a Silicon, or 
a texture may be applied to the internal Surface thereof for 
enhancing the flow and mixing of blood introduced into the 
wells. 

0041 Although it is within the purview of the invention 
to provide closed System Storage plates that are colored to 
define Specific applications for the plates or to define the 
tests that are conducted on the Specimens collected, trans 
parent covers may be provided. Also, it should be noted that 
the dimensions of the closed System Storage plate are Such 
as to provide Space for labeling which may be important for 
identifying the collected Specimens. 
0042. Thus, while there have been described the pre 
ferred embodiments of the present invention, those skilled in 
the art will realize that other embodiments can be made 
without departing from the Spirit of the invention, and it is 
intended to include all Such further modifications and 
changes as come within the true Scope of the claims Set forth 
herein. 

What is claimed is: 
1. A closed System Storage plate comprising: 
a specimen collection plate having a plurality of Wells, 

wherein each well has an open end, a closed end and a 
cylindrical wall therebetween defining a well interior 
for accommodating a plurality of Specimens, and; 
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a cover that is Sealably Secured to Said specimen collec 
tion plate and Sealably contacts Said plurality of Wells 
at Said open end of each well, Said cover comprising a 
membrane for providing therethrough pierceable probe 
access to each Said well interior, Said membrane being 
formed of a thermoplastic elastomer and being Self 
Sealing upon removal of Said probe. 

2. The closed System Storage plate of claim 1, wherein 
Said specimen collection plate is made of borosilicate glass. 

3. The closed System Storage plate of claim 1, wherein 
Said open end of each well forms a flange that is Sealably 
contacted by Said cover. 

4. The closed System Storage plate of claim 1, wherein 
Said elastomer is isoprene propylene. 

5. The closed System Storage plate of claim 1, wherein 
Said cover further comprises an adhesive material. 

6. The closed System Storage plate of claim 5, wherein 
Said adhesive material fixedly attaches Said cover to Said 
Specimen collection plate. 

7. The closed System Storage plate of claim 1, wherein 
Said Specimen collection plate is made of plastic and Said 
plurality of Wells is made of borosilicate glass. 

8. The closed System Storage plate of claim 7, wherein 
Said open end of each well forms a flange that is Sealably 
contacted by Said cover. 

9. A closed System Storage plate comprising: 

a specimen collection plate having a plurality of Wells, 
wherein each well has an open end, a closed end and a 
cylindrical wall therebetween defining a well interior 
for accommodating a plurality of Specimens, and; 

a cover that is Sealably Secured to Said specimen collec 
tion plate and Sealably contacts Said plurality of Wells 
at Said open end of each well, Said cover comprising a 
plurality of membranes for providing therethrough 
pierceable probe access to each said well interior, Said 
membranes being formed of a thermoplastic elastomer 
and being Self-sealing upon removal of Said probe. 

10. The closed system storage plate of claim 9, wherein 
Said plurality of membranes corresponds to Said plurality of 
wells. 

11. The closed System Storage plate of claim 9, wherein 
Said specimen collection plate is made of borosilicate glass. 

12. The closed System Storage plate of claim 9, wherein 
Said open end of each well forms a flange that is Sealably 
contacted by Said cover. 

13. The closed system storage plate of claim 9, wherein 
Said elastomer is isoprene propylene. 

14. The closed System Storage plate of claim 9, wherein 
Said cover further comprises an adhesive material. 

15. The closed System Storage plate of claim 14, wherein 
Said adhesive material fixedly attaches Said cover to Said 
Specimen collection plate. 


